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© Suction box apparatus with composite cover elements mounted In slots on cross braces. 



© Dewatering apparatus for papenmaking ma- 
chines, such as suction boxes, are provided with 
spaced cover elements 14 of a composite structure. 
The cover elements 14 include ceramic cover strips 
22 which engage the porous conveyor belt 16 that 
conveys the paper web 18 and are separated by 
drainage slots 20. The ceramic cover strips 22 are 
bonded to support members 24 of fiber-reinforced 
plastic. The cover elements 14 are mounted on 
metal cross braces 34 by mounting projections on 
the support members 24 which slide into mounting 



slots 32 of the same shape on the cross braces 34 
for attachment thereto without threaded fasteners or 
welding. The mounting slots 32 and mounting pro- 
jections 30 may be of an interlocking shape, such as 
a dovetail shape or a T-shape, which prevents verti- 
cal movement of the cover elements 14 toward or 
away from the conveyor belt 16 while allowing hori- 
zontal sliding movement for insertion and removal of 
the cover elements 14 into the mounting slots 32 of 
the cross braces 34. 
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Background of the Invention 

The subject matter of the present invention 
relates generally to dewatering apparatus for 
papermaking machines and in particular to suction 
box apparatus, including a composite suction box 
cover having cover elements mounted in ©lots on 
cross braces. The cross braces which may be of 
metal extend across such cover elements and lon- 
gitudlnaliy of the porous conveyor belt conveying 
the paper web from which water is to be removed 
by the suction box or other dewatering apparatus. 
The composite suction box cover is preferably 
formed by cover strips of ceramic material bonded 
to fiber-reinforced plastic support members extend- 
ing beneath such ceramic strips. The support 
members are provided with mounting projections 
which engage mounting slots in the cross braces 
for releasably mounting such cover strips on such 
cross braces without the use of threaded fasteners 
such as screws or bolts and without the need for 
welding or other time-consuming and expensive 
fastening means, 

The drainage apparatus of the present inven- 
tion is especially useful in the manufacture of pa- 
per, pulp stock and nonwoven fabrics for the re- 
moval of water from the material being manufac- 
tured. 

Previously it has been proposed in U.S. Patent 
No. 4,140,573 of Johnson, issued February 20, 
1979, to provide a suction box apparatus, including 
a suction box cover formed by a plurality of cover 
elements or blades mounted on support rails of T- 
shaped cross section called T-bars 1 ' which extend 
across the width of the conveyor belt on which the 
paper stock is transported. These T-bar support 
members are conventionally fastened to cross 
brace members by welding or by bolts or other 
mechanical fasteners which is extremely expensive 
and time-consuming process. In addition, in the 
case of threaded mechanical fasteners, there is a 
continued maintenance problem because such fas- 
teners can loosen and fall into the papermaking 
machinery and onto the conveyor belt "wire" or 
fabric, thereby damaging the machinery or con- 
veyor belt. When the T-bar support members are 
welded to the cross braces, this overcomes the 
problem of loosening bolts and damage to the 
papermaking machine but the fastening is extreme- 
ly expensive and time-consuming. The suction box 
cover apparatus of the present invention avoids the 
need for welding or threaded fasteners by using 
metal cross braces which are slotted with mounting 
slots to engage mounting projections on the bottom 
of support members of fiber-reinforced plastic ma- 
terial to which the cover strips of ceramic material 
are bonded. This overcomes the above-mentioned 
problems and has the added advantage that allows 



ttie cover elements to be easily inserted and re- 
moved in the case of damage or replacement of 
the cover elements for other reasons. The cross 
braces are made in a simple and inexpensive man- 

5 ner by machining metal bar stock rather than re- 
quiring the bracing to be made by casting, and 
thereby allows a greater flexibility in the design of 
the suction box cover to accommodate changes in 
the width of the cover elements and the drainage 

10 slot spacing between elements which varies, de- 
pending upon many factors, including the position 
of the suction box in the papermaking machine and 
the vacuum pressure within such suction box. 

In U.S. Patent No. 4,334,958 of Baluha et al. r 

is issued June 15, 1982, it has been previously pro- 
posed to provide a suction box cover element or a 
dewatering foil, including a wear insert of ceramic 
material bonded to a fiber-reinforced plastic base 
support member to provide a cover element which 

20 is secured by a dovetail tongue and groove con- 
nection on the bottom of the support member to a 
lower section or intermediate support member of 
plastic material which is mounted on a T-bar brack- 
et attached by bolts to the top of a frame member, 

25 However, this extremely complicated device differs 
from that of the present invention in that it employs 
bolts to fasten the T-bar brackets which can loosen 
and fall out to damage the conveyor wire and does 
not provide slotted cross braces having mounting 

30 slots in which the cover elements are secured by 
mounting projections on the bottom of such cover 
elements. 

Suction box covers have previously been pro- 
vided with metal cross braces as shown in U.S. 

35 Patent No. 1,657,509 of Latham, issued January 
31, 1928, and U.S. Patent No. 1,696,917 of Lewis, 
issued January 1, 1929, which show cover ele- 
ments of wood attached to metal bars supported 
on cross braces or bridge members. Also, U.S. 

40 Patent No. 3,708,390 of Krake, issued January 2, 
1973, discloses a felt dewatering apparatus, includ- 
ing a suction box employing plastic cover elements 
attached to J-shaped metal supports supported on 
a metal plate. However, metal cross braces have 

45 not been employed to mount suction box cover 
elements directly thereon by means of mounting 
slots provided in such cross braces in the manner 
of the present invention. 

While the preferred embodiments of the 

so present invention are hereafter described with re- 
spect to a suction box cover, the present invention 
applies to other types of drainage apparatus used 
in papermaking machines, including dewatering de- 
vices which engage the felt conveyor belt in the 

55 dryer section of such machines as well as foil-type 
water removal devices in the sheet forming section 
which produce a vacuum pressure by the foil ac- 
tion of the conveyor belt as it passes over the 
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contacting leading edge and the diverging trailing 
edge of such foils and thus do not require an 
external source of vacuum pressure in the manner 
of suction boxes. In addition, it should be noted 
that the drainage box covers can have their con- 
veyor contacting surface either flat or of a 
convexly-curved shape. Also, the cover strips of 
ceramic material can be of varying widths and 
spacing between adjacent cover strips to provide 
drainage slots can be of varying widths. 

Summary of the Invention 

It is therefore one object of the present inven- 
tion to provide an improved drainage apparatus for 
a papermaking machine of simple and economical 
construction which employs slotted cross braces 
for mounting drainage cover elements in mounting 
slots thereon. 

Another object of the invention is to provide 
such a drainage apparatus, including drainage box 
cover elements which are composite structures 
formed by cover strips of ceramic material at- 
tached to support members of fiber-reinforced 
plastic material provided with mounting projections 
on the bottom thereof for insertion in the mounting 
slots provided on the cross braces in order to 
provide a drainage box cover which is lightweight 
and of great strength so it can span a wider paper 
sheet and operate at a higher vacuum pressure 
whiie also being highly wear-resistant. 

A further object of the invention is to provide 
an improved suction box apparatus for a paper- 
making machine of simple and inexpensive con- 
struction, employing slotted cross braces with 
mounting slots therein for mounting the suction box 
cover elements thereon without employing bolts, 
screws or other mechanical fasteners or welding, 
thereby reducing the danger of damage to the 
porous conveyor belt by falling fasteners, which is 
less costly to manufacture and is a more versatile 
apparatus whose cover elements and drainage 
slots can be changed in width to accommodate 
different dewatering conditions. 

An additional object of the invention is to pro- 
vide such an improved suction box cover of com- 
posite construction In which the cover elements are 
formed by cover strips of ceramic material which 
are bonded to support members of fiber-reinforced 
plastic material having mounting projections there- 
on for engagement with mounting slots in cross 
braces to provide a cover which is of light weight 
and great strength and is more easily installed by 
sliding the cover elements into such slots without 
stopping the papermaking machine or removing the 
conveyor belt 

Still another object of the present invention is 
to provide such a suction box apparatus in which 



the slotted cross braces are provided with mount- 
ing slots of dovetail or T-shape that hold the cover 
elements in a fixed position to prevent vertical 
movement toward or away from the conveyor belt 

5 but which allow sliding movement horizontally for 
insertion and removal of the cover elements in the 
mounting slots. 

A still further object of the present invention is 
to provide such a suction box apparatus in which 

10 the cross braces are provided with tapered top 
portions facing the conveyor belt to improve the 
water flow during dewatering. 

Description of the Drawings 

15 

Other objects and advantages of the present 
invention will be apparent from the following de- 
tailed description of certain preferred embodiments 
thereof and from the attached drawings of which: 
20 Fig. 1 is a plan view of a suction box apparatus 
made in accordance with one embodiment of 
the present invention: 

Fig, 2 is an enlarged horizontal section view 
taken along the line 2-2 of Fig. 1; 

25 Fig. 3 is an enlarged vertical section view taken 
along the line 3-3 of Fig. 1 showing the suction 
box cover elements mounted in dovetail slots on 
the cross braces for engagement with dovetail 
projections on the bottom of the support mem- 

30 bers to which the ceramic cover strips are at- 
tached; 

Fig. 4 is a vertical section view taken along the 
line 4-4 of Fig. 3; 

Fig. 5 is a section view similar to Fig, 3 but 
35 showing a second embodiment of the suction 
box cover of the present invention in which the 
cross braces are provided with T-shaped slots 
for engagement with T-shaped mounting projec- 
tions on the bottom of the support members 
40 supporting the ceramic cover strips: and 

Rg. 6 is an enlarged vertical section view taken 
afong the line 6-6 of Fig, 5, 

Description of the Preferred Embodiments 

45 ~ 

As shown in Figs. 1-4, one embodiment of the 
drainage apparatus of the present invention is a 
suction box apparatus 10, including a suction box 
connected to an external source of vacuum pres- 

50 sure (not shown) in a conventional manner and a 
suction box cover 12, The suction box cover is 
formed by spaced cover elements 14 which may 
be composite structures extending across the width 
of a porous conveyor belt 16, The conveyor belt 

55 may be metal wire or woven plastic fabric and is 
motor driven at high speed up to 3,500 feet per 
minute to convey a paper web 18 across such 
suction box cover for removing water from such 
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paper web. The suction box cover elements 14 are 
spaced apart by drainage slots 20 which extend 
across the width of the conveyor belt 16 to allow 
water which is drawn from the paper web 18 
through the conveyor belt 16 by the vacuum pres- 
sure within the suction box to drain through slots 
20 into the suction box. The suction box has an 
external vacuum pressure source connected there- 
to, which reduces the pressure within the suction 
box below atmospheric pressure of, for example, 
about 10 to 20 inches of mercury pressure. 

As shown in Figs. 3 and 4, the suction box 
cover elements 14 may be composite structures 
formed by cover strips 22 of ceramic material such 
as aluminum oxide or zirconium oxide ceramic, 
which extend across the full width of the paper web 
18 and whose upper surface contacts conveyor 
belt 16, The ceramic cover strips 22 are fixed to 
support members 24 of fiber-reinforced plastic ma- 
terial such as fiberglass-reinforced polyester. The 
ceramic cover strips 22 are each formed of a 
plurality of segments mounted end to end and 
provided with a tongue portion 26 which extends 
downwardly away from the conveyor belt 16 into a 
mating groove 28 in the top of the support member 
24, Adhesive bonding material such as epoxy resin 
is provided at the interface between the tongue 
projection 26 and the groove 28 in order to bond 
the ceramic strips 22 to the fiberglass-reinforced 
plastic support members 24. The central support 
members 24 between the two outer support mem- 
bers 24A and 24B are each provided with a mount- 
ing projection 30 on the bottom thereof which is of 
a configuration to mate with mounting slots 32 
provided in metal cross braces 34. The cross 
braces extend across the suction box cover 12 in a 
direction longitudinally of the conveyor belt 16 
which in Fig. 3 moves in a direction right to left 
indicated by arrow 36, 

In the preferred embodiment of Figs. 1-4, the 
mounting slots 32 in the cross braces 34 have a 
dovetail shape and mate with dovetail projections 
30 at the bottom of the supporting members 24. It 
should be noted that a plurality of spaced cross 
braces 34 are provided beneath the cover elements 
14, each of such cross braces being provided with 
a number of mounting slots 32 which correspond to 
the number of cover elements 14. The opposite 
ends of the cross braces 34 are fastened to the 
outer support members 24A and 24B of the suction 
box cover, respectively positioned at the failing 
and leading ends of the suction box by means of 
bolts 38 as shown in Fig. 3. However, it should be 
noted that there are no other bolts provided for 
fastening the cross braces 34 to the central mount- 
ing members 24 for the suction box cover ele- 
ments 14. The botts 38 are screwed into threaded 
holes in the opposite ends of each of the metal 



cross braces 34 to attach such cross braces so 
that they each extend across all of the suction box 
cover elements 14 to support such elements In 
mounting slots 32 and extend longitudinally of the 

5 conveyor belt 16 as shown in Fig. 1. 

The cross braces 34 are made of stainless 
steef or other noncorrosive metal and are provided 
with tapered top portions 40 between each of the 
mounting slots 32. The tapered top portion 40 

70 tapers from a maximum width at a mid-portion of 
the cross brace to a pointed ridge 42 at the top of 
such cross brace, as shown in Fig. 4. This tapered 
top portion increases the water drainage efficiency 
through such cross braces for water which is re- 

15 moved from the paper web 18 and passes through 
the porous conveyor belt 16 into the suction box as 
a result of the vacuum pressure within the suction 
box. In one preferred embodiment, the slope of the 
sides of the top portion 40 are approximately 30* 

20 with respect to the vertical projection of the sides 
of such cross brace. As shown in Fig. 4, the 
suction box cover elements 14 are inserted into 
and removed from the mounting slots 32 in the 
cross brace 34 by horizontal sliding movement in 

25 the direction of arrow 44 to enable installation or 
removal of a cover element without the need to 
remove the conveyor belt from the papermaking 
machine which would otherwise require stopping 
the machine. This enables replacement of damag- 

30 ed or worn cover elements or the replacement of 
cover elements of different size in a simple and 
inexpensive manner without the need to shut down 
the papermaking machine. 

As shown in Fig. 2, an adjustable deckle device 

35 46 may be provided on the opposite sides of the 
suction box cover 12 to allow paper webs of dif- 
ferent width to be formed thereon. The deckle 
device includes a deckle seal member 48 of a 
suitable sealing material such as polyethylene plas- 

40 tic which is notched to fit between the suction box 
cover elements 14 in order to fill the drainage slots 
and seal the space between such elements at the 
end of such slots to provide a vacuum seal with the 
opposite edges of the paper web 18 as they pass 

45 over such deckle members. The deckle members 
48 are adjusted in position laterally across the 
conveyor belt 16 to accommodate paper webs of 
different width by means of adjustment screws 50 
having handles 52 attached to the outer ends of the 

so screw shafts, TTie adjustment screw shafts pass 
through drilled passages in two plastic laminate 
end members 54 and are secured to the deckle 
seal member 48 by locknuts 56 on the opposite 
sides of such seal members, as shown in Fig. 2. 

ss Thus, rotation of the handles 52 causes rotation of 
the adjustment screw shafts 50 which slides the 
deckle seal members 48 toward and away from the 
end member 54 in order to adjust the lateral posi- 
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tron of the deckle members. The deckle member 
48 slides across a support plate 58 of metaJ which 
is fastened by bolts 60 to the bottom of the end 
member 54 and forms a vacuum seal with such 
support plate to prevent pressure leaks between 
the deckle member 48 and the end member 54. 

In one example of the present invention having 
a suction box cover with an overall length across 
the conveyor belt of about 280", twenty-nine of the 
cross braces 34, each 1,5" high, 0,5" wide and 
13.5" long, were provided, equally spaced S rt apart, 
with the space between the two deckle members 
48 varying between about 241* and 246", in this 
example, the ceramic cover strips 22 were about 
0.625" wide, 0.437" high and 251.63" long while 
the drainage slots 20 between such strips were 
approximately 0.750" wide. Eleven of the suction 
box cover elements 14 were employed in this 
cover so that the width of the suction box from the 
front end support member 24B to the rear end 
support member 24A was about 14.625" at the top 
of the suction box, such end support members 
being clamped to the body of the suction box in a 
conventional manner by means of mechanical 
clamps not shown. However, it should be noted 
that the width of the suction box cover elements 
and the drainage slot spacing between such ele- 
ments can vary, depending upon the position of the 
suction box within the papermaking machine and 
the operating conditions- 

A second embodiment of the suction box ap- 
paratus of the present invention is shown in Figs, 5 
and 6 which is similar to the embodiment of Figs. 1 
and 4 so that the same reference numbers are 
used to designate similar parts and only the differ- 
ences will be described and shown, in this embodi- 
ment, T-shaped mounting slots 62 are provided in 
the cross braces 34 which are of an inverted T- 
shaped cross section. A mounting projection 64 of 
a corresponding T-shaped cross section is pro- 
vided on the bottom of each of the support mem- 
bers 24 1 which are bonded to the ceramic cover 
strips 22 forming the cover elements 14'. Thus, the 
embodiment of Figs. 5 and 6 differs only in the 
shape of the mounting slots 62 in the cross braces 
34 and the shape of the mounting projections 64 
on the bottom of the support members 24 for the 
ceramic strips 22. However, it should be noted that 
other changes may be made, such as by providing 
a low profile suction box cover element in which 
the U-shaped tongue and groove attachment 26, 28 
of the ceramic members 22 and the support mem- 
bers 24 may be changed in shape such as to a T- 
shaped tongue and groove attachment of reduced 
height compared to the cover elements from the 
high profile shown. Thus, in the above example, the 
high profile cover elements are approximately 
1 .04" high, while the low profile cover elements are 



0. 625" height. However, the principle of operation 
of the invention is the same. 

It will be obvious to those having ordinary skill 
in the art that many changes may be made in the 
5 above-described preferred embodiments of the 
present invention without departing from the spirit 
of the invention. Therefore I the scope of the 
present invention sought to be protected should be 
determined by the following claims. 

10 

Claims 

1. Suction box apparatus for a papermaking ma- 
chine, comprising: 

15 suction box means for removing water 

from a paper 8web conveyed across said suc- 
tion box means by a porous conveyor belt 
including vacuum pressure means associated 
with said suction box; 

20 a suction box cover, including a plurality of 

cover strips of ceramic material extending 
across the width of the conveyor belt and 
supported on the suction box in spaced rela- 
tionship along the length of the conveyor belt 

25 so that said conveyor belt engages the ce- 

ramic cover strips and said cover strips are 
separated by drainage slots; 

support means for supporting the ceramic 
cover strips, including support members of 

30 non-ceramic material attached to the cover 

strips and extending along the cover strips 
across the width of the conveyor belt, 

characterized by the support means in- 
cluding cross braces of metal which extend 

36 across the support members and longitudinally 

of the conveyor belt; and 

releasable connection means for connect- 
ing the support members to the cross braces 
with releasable interlocking connections, in- 

40 eluding mounting slots in such cross braces 

which slidably engage mounting projections on 
the support members for releasable interlock- 
ing connection thereof by sliding said support 
members longitudinally in said mounting slots 

46 relative to said cross braces, said interlocking 

connections preventing lateral movement of 
the support member within said mounting 
slots. 

50 2. Suction box apparatus in accordance with 
claim 1 in which the support members are of 
fiber-reinforced plastic material, 

3. Suction box apparatus in accordance with 
55 claim 1 in which the support members contain 

fiberglass. 

4. Suction box apparatus in accordance with 



6 



9 



EP 0 454 973 A1 



10 



claim 1 in which the releasable connection 
means includes restricted mounting slots 
which prevent movement of the support mem- 
bers toward or away from the conveyor belt 
but allow sliding movement of the support 
members for insertion into or removal from the 
mounting slots, 

5. Suction box apparatus in accordance with 
claim 4 in which the mounting slots and pro- 
jections are of a dovetail shape. 

6. Suction box apparatus in accordance with 
claim 4 in which the mounting slots and pro- 
jections are of a T-shape. 

7. Suction box apparatus in accordance with 
claim 1 in which the cross braces have inter- 
mediate portions between the mounting slots 
which taper toward ridges at their outer edges 
extending toward the conveyor belt. 

8. Suction box apparatus in accordance with 
claim 1 in which the ceramic cover strips in- 
clude tongue portions which extend Into 
grooves in the support members and are bon- 
ded thereto. 

9. Suction box apparatus in accordance with 
claim 8 in which the bonding is provided by 
adhesive bonding material in said grooves. 

10. Suction box apparatus in accordance with 
claim 1 in which the metal cross braces are 
attached to front and rear supports extending 
laterally across the conveyor by threaded fas- 
teners, 

11- Suction box apparatus in accordance with 
claim 10 in which the front and rear supports 
are pfastic support members for front and rear 
ceramic cover strips at the front and rear 
edges of the suction box. 

12. Drainage apparatus for a papermaking ma- 
chine, comprising: 

drainage box means for removing water 
from a paper web conveyed across said drain- 
age box means by a porous conveyor belt; 

a drainage box cover, including a plurality 
of cover strips of ceramic material extending 
across the width of the conveyor belt and 
supported on the drainage box in spaced rela- 
tionship along the length of the conveyor belt 
so that said conveyor belt engages the ce- 
ramic cover strips and said cover strips are 
separated by drainage slots; 

support means for supporting the ceramic 



cover strips, including support members of 
plastic material attached to the cover strips 
and extending along the cover strips across 
the width of the conveyor belt, and including 

5 cross braces of metal which extend across the 

support members and longitudinally of the 
conveyor belt; and 

releasable connection means for connect- 
ing the support members to the cross braces 

70 with releasable interlocking connections, in- 
cluding mounting slots in such cross braces 
which slidably engage mounting projections on 
the support members for releasable interlock- 
ing connection thereof by sliding said support 

75 members longitudinally in said mounting slots 

relative to said cross braces, said interlocking 
connections preventing lateral movement of 
the support members within said mounting 
slots, 

20 

13. Drainage apparatus in accordance with claim 
12 in which the support members are of fiber- 
reinforced plastic material. 

25 14. Drainage apparatus in accordance with claim 
12 in which the releasable connection means 
includes restricted mounting slots which pre- 
vent movement of the support members to- 
ward or away from the conveyor belt but allow 

at? sliding movement of the support members for 
insertion into or removal from the mounting 
slots. 

16. Drainage apparatus In accordance with claim 
35 14 in which the mounting slots and projections 

are of a dovetail shape. 

16. Drainage apparatus in accordance with claim 
14 in which the mounting slots and projections 

4o are of a T-shape. 

17. Drainage apparatus in accordance with claim 
12 in which the cross braces have intermediate 
portions between the mounting slots which 

45 taper toward ridges at their outer edges ex- 
tending toward the conveyor belt. 

18- Drainage apparatus in accordance with claim 
12 in which tine ceramic cover strips include 
so tongue portions which extend into grooves in 

the support members and are bonded thereto. 

19. Drainage apparatus in accordance with claim 
12 in which the metal cross braces are at- 
65 tached to front and rear supports extending 

laterally across the conveyor by threaded fas- 
teners. 
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20. Drainage apparatus in accordance with claim 
19 in which the front and rear supports are 
fiberglass reinforced plastic support members 
for front and rear ceramic cover strips at the 
front and rear edges of the suction box. s 
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